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CHAPTER - I 
INTRODUCTION 
Pulses are a group of crops belonging to the family 
Leguminosae (Fabaceae), commonly called legume family, which 
with the help of the bacteria in their root nodules, fix atmos-
pheric nitrogen and thereby improve the soil fertility. The 
beneficial effects on the soil of growing leguminous plants are 
so obvious that they have been recognized for hundreds of years. 
It would not be an overstatement if it is said that the pulse 
crops have been the mainstay of Indian Agriculture, enabling the 
land to turn out reasonable quantities of food grains when, over 
the last few decades, a major part of the area under cultivation 
has hardly received any manure or, fertilizers (Atehta, 1970). 
In modern agriculture, it is common practice to rotate 
a non~leguminous crop with a leguminous one -» a practice that 
helps keeping the soil alive and productive. They figure promi-
nently also in crop mixtures. At the time when inorganic ferti-
lizer is becoming an increasingly expansive input, legumes can 
be looked as an insurance for the maintenance of an acceptable 
soil fertility without requiring large addition of nitrogen 
fertilizer. 
Pulses, well recognized as rich protein source also 
contain carbohydrates, fats and vitamins, but it is the protein 
content that makes them worthy. Pulses hold a very important 
place in daily diet of Indian majority, religiously vegetarian^ 
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In India pulses are mostly consumed in the form of enhancing 
dietary protein quantity. This is of special importance for the 
section of population who can rarely afford to eat animal protein, 
and thus they can be helpful in overcoming the problem of malnut-
rition, very common among the poor throughout the world, 
India is primarily an agricultural country, with about 
70% of its people being dependent on agriculture for their lively-
hood. Though the share of agriculture in the national income has 
declined from 49% in 1950 to about 42% nov^ , agriculture is still 
the mainstay of the Indian rural people. Food grain production 
has almost doubled since 1950*51, However, it is wheat production 
that has been shown the greatest increase. The pulse production 
has remained almost stagnant. 
Nearly all the important pulses varieties are cultivated 
in our country. Area under pulse cultivation is only about 25 
million hectares, and the production is quite dull. These are 
mainly grown in U,P,, Punjab, Haryana, M,P., Rajasthan, Bihar, 
West Bengal, A.P, and Gujarat, 
Like other crops, pulses are also attacked by several 
pathogens like fungi, bacteria, nematodes and viruses which 
lower the quality and quantity of the products. There are several 
viral diseases of pulses viz, mung bean yellow mosaic, mung leaf 
crinkle, pigeonpea sterility mosaic, arhar mosaic etc, which have 
been reported to be prevalent and causing heavy losses to the 
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respective pulse crops, Inspite of the prevalence and the damage 
these viruses cause to the mung, urd and arhar crops commonly 
grown in Aligarh, not much work has been done on these crops. 
Thus, in the present study it has been proposed to investigate a 
virus causing disease in any of the pulses reviewed here for 
virus diseases in this dissertation* 
CHAPTER - 2 
REVIEW OF LITERATURE 
Mung bean /"Vlgna radlata (L,) WUczek_7 
and 
Urd bean /^Vlgna roungo (L.) HepperJT 
Yellow mosaic and mosaic of mung and urd 
Narlanl (i960) reported the occurrence of a virus which 
caused yellow mosaic of mung bean, Phaseolus aureus L. /*Vlgna 
radlata (L.) WllczekJT, The disease since then has been found to 
be widespread In North Indian States. In surveys conducted by 
Nene In Uttar Pradesh, the disease was found on mung bean 
(Phaseolus aureus L.) and urd bean, P. mungo L, /"Vlgna mungo (I.) 
HepperJ?' In most of the districts (Nene, 1969), Varma ejt §!.• 
(1973) reported the Incidence of yellow mosaic and mosaic diseases 
of mung and urd In Haryana. It was shown by Narlanl (i960) to be 
transmitted by whltefly (Bemisla tabacl Genn,) to several plant 
species besides P. aureus and P. mungo. Vasudeva (1961) also 
showed that yellow mosaic virus of P. aureus (mung bean) was 
transmitted by B. tabacl to P. aureus. P. acutlfollus. P. mungo 
(urd bean) and soybean but not by sap inoculation. In an attempt 
to find out collateral host of the mung bean yellow mosaic virus, 
Nene et al. (1971) using vlrullferous whltefly (B. tabacl) estab-
lished that weeds, Bruchlara ramosa and Cajanus cajan 
were the host of this virus (MYMV), Besides P. aureus (mung bean) 
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and P. mungo (urd bean), Dollchus biflorus, P. aconltlfollus, 
^* acutlfollus, £, lathyroides were also infected. Later Rathi 
and Nene (1974) reported two more hosts of this virus. These 
additional host were: Cosmos bipinnatus Cav. and £, vulgaris L, 
var. Monitou. They found that out of 29 varieties of P, vulgaris, 
only one, var, Monitou was susceptible to MYMV, 
Bean common mosaic virus causing a serious disease of 
urd was reported by Sahare and Raychaudhuri (1963). The disease 
was characterised by a mosaic pattern of broad patches of light 
and dark green areas and blistering of leaf blade. Disease 
caused retardation of growth and usually shedding of most of the 
flowers. The virus was readily transmitted mechanically by sap 
inoculations to urd and few other leguminous plants. It was 
reported to be the first mechanically transmissible virus on urd. 
The symptoms of disease appeared in the form of faint chlorotic 
areas in 7-18 days after inoculation, and later the character-
istic interveinal mottling appeared. Occasionally, upward leaf 
curling and green vein banding was also noticed in some cases. 
The leaves were reduced in size and became rough and brittle with 
age. Host range of the virus was confined to the family 
Leguminosae. Phaseolus mungo vars, N.P. 4, 6, 7, 8, 14 and 24, 
R» vulga-cis, JP. aureus and P. acontifolius were infected while 
Crotalaria juncea, C, mucronata, Arachis hypogea, Cajanus cajan, 
Pisum sativum. Glycine max and Trifolium alexandrinum were not 
infected. The virus was completely inactivated by heating at 
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58°C for 10 min. but not at 55°C, and at a dilution of 1:2,000. 
It retained infectivity during storage at room temp, for 58 h. 
Occurrence of bean common mosaic virus on P. mungo has also been 
reported from U.S.S.R. (Tolmacheva, 1966), 
Nene (1968) described two types of mosaic symptoms 
associated with yellow mosaic disease of urd bean. These were: 
a yellow mottle (yellowing generally on leaves) and a necrotic 
mottle (yellowing restricted at spots which turned necrotic). He 
suspected that these two types of symptoms were of two different 
diseases caused by either different strains of the same virus or, 
by different viruses. However, in subsequent studies on this 
problem, Nair e1^  ^ , (1974) found that these two types of symptoms 
(viz, yellow mottle and necrotic mottle) were the host reactions 
to the same virus. They found that urd varieties showing necrotic 
mottle (var, T-9) yielded better and were less severely affected 
than those which showed yellow mottle symptoms (var, Mahaillu-
palaro-1) and concluded that the necrotic mottle is a type of 
resistant reaction to mung bean yellow mosaic virus, 
Rathi and Nene (l974) studied some aspects of the 
relationship between mung been yellow mosaic virus (MYMV) and its 
vector, Bemisia tabaci and found that jvlYMV persisted in female 
and male adults of B, tabaci for a maximum of 10 and 3 days, 
respectively, but not throughout the life span of the vector. The 
female adults remained alive and infective for a longer time as 
compared to male. The nymphal stage of B, tabaci were able to 
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acquire MYhlV from inoculated Mahaillupalam-1, urd bean plant 1 to 
3 days before these plants actually showed initial symptoms. The 
authors, however, failed to demonstrate transovarial transmission 
of MYMV but concluded it to be a circulative type. These authors 
later (Hathi and Nene, 1976) studied the influence of different 
host combinations on virus vector relation of mung bean yellow 
mosaic virus and found the minimum acquisition and inoculation 
period required for adults of B, tabaci to become infective as 
15760 min and 10 60 min, respectively. The adult required 
longer acquisition and incubation periods to infect Bragg Soybean 
and r-21 pigeon pea than Phaseolus mungo and P, aureus, 
Chenulu et ^ , (1979) found that first trifoliate 
leaves were suitable for transmission of virus (MYMV). Acquisi-
tion feeding time, transmission feeding time, number of insects 
per plant and the resistant and susceptible nature of test plants 
were found to influence the percentage of transmission, A latent 
period of 5-6 h in the whiteflies was found necessary for the 
transmission. Pre- and post acquisition fasting had no effect on 
transmission efficiency of the virus. The report, of Rathi and 
Nene (1974) was confirmed by the above authors and they also did 
not find any transovarial transmission. None of the 13 varieties 
they tested was resistant to the virus (MYMV) infection, however, 
they differed in their degree of tolerance. They also sw^d^sted 
three sprays of Anthio at 0,2 per cent for reducing the incidence 
of MYMV, significantly. 
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The Indian MYMV is whitefly borne and not transmitted 
mechanically by sap inoculation. However, Honda eJt ^ . (1983) 
claimed to have transmitted mechanically by sap a whitefly borne 
mung bean yellow mosaic virus (MYMV) in Thailand, They found 
that among the several buffers used in transmission studies, 0.1M 
potassium or, sodium phosphate, pH 7.8 gave the highest trans-
mission rates. The optimal incubation temperature for symptom 
expression ranged from 25-30*^ C in the growth chamber or 30°C in 
the day time and 20°C at night in the greenhouse. The host range 
of MYMV was limited to seven plant species in the family 
Leguminosae, ProF>erties in sap werej thermal inactivation point 
ft 2 3 
40-50 C (10 min exposure), dilution end point 10*" -10 and 
longevity jji vitro of 1-2 days at 20°C. Purified virus prepara-
tions had an ultra-violet light absorption spectrum typical of 
nucleoprotein with a A260/A280 value of about 1,3-1,4. Purified 
preparation and leaf sap samples contained germinate particles of 
about 18x20 nm, Infectivity was shown to be associated with the 
presence of purified virus particles, 
Tripathi e^ ^ , (1977) found higher activity of poly-
phenoloxidase and peroxidase enzymes in yellow mosaic virus 
infected susceptible (H-45) as well as tolerant (LM-170) cultivars 
of mung bean (Phaseolus aureus L,) 
Prem Chand and Varma (1980) investigated some biochemi-
cal, morphological and anatomical characteristics of the leaves 
of some urd bean and mung bean varieties resistant and susceptible 
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to yellow mosaic virus. There was no relation between the higher 
phenol and sugar content in leaves and resistance. However, 
total protein content and some free amino acids were supposed to 
be related to resistance/susceptibility, although protein pattern 
as determined by S.D.S. polyacrylamide gel electrophoresis was 
the same in resistant and susceptible varieties. In resistant 
varieties, more number of 3-4 septate hooked hairs and thicker 
cuticle were observed, whereas in susceptible varieties, there 
were observed, less number of straight non septate leaf hairs and 
thinner cuticle, 
Singh (1980) studied the effect of yellow mosaic virus, 
mung mosaic virus 1 and 2, urd mosaic virus 1 and 2 on growth 
components and yields of some varieties of mung bean and urd bean 
under natural conditions of infection. Growth components and 
yield of the plants infected with these viruses were decreased, 
Babu et al. (1984) noted significant reduction in 
number of pods/piant, seed yield and 100-seed wt of Vigna radiate 
(green gram) infected with MYMV. Reduction in the contents of 
chlorophyll and functional chloroplast cell was evident in 
infected leaves. Soluble *N' and reducing sugars accumulated to 
a greater extent in infected leaves and rate of photosynthesis 
was reduced, 
Dasgupta and Chowdhury (1985) observed a reduction in 
incidence of mung bean yellow mosaic virus by inter-varietal 
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inter~cropping of two cultivars each of Vlgna radlata and Vigna 
mungo. Although the rate of spread of the disease was higher in 
some inter-cropped field than the pure stands, the percentage 
infection was lower in the former, 
Verma gi al, (1985) tried to control the naturally mung 
bean yellow mosaic virus infection of Vigna radiata and V, mungo 
by partially clarified leaf extracts of Clerodendrum fragrans and 
Aerva sanguinolenta and root extracts of Boerhaavia diffusa. 
Dahiya si jjfc. (1977) suggested that the resistance of 
black gram (Phaseolus mungo) cv, Lu 220 and Lu 237 to MYMV 
appeared to be due to a single gene and should facilitate the 
incorporation of this resistance into high yielding but suscepti-
ble CVS, 
Ahn^d (1975) screened 123 exotic and 34 indigenous mung 
bean cultivars for resistance to yellow mosaic virus. None of 
the collections was resistant and only 6 local collections showed 
tolerance to yellow mosaic virus. However, 17 of the 96 exotic 
and 8 of the 26 indigenous urd bean (Phaseolus mungo) types highly 
resistant to mung bean yellow mosaic virus and 50^ of total 
material was fairly tolerant, 
Dwivedi and Singh (1985) investigated inheritance of 
resistance to yellow mosaic virus in a cross between the highly 
susceptible V, mungo (black gram) var. Sylvestris (type B) and 
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the highly resistant V, mungo line Pant U 84. Analysis of "^^"^2 
segregation data revealed that resistance is controlled by 2 
independent recessive genes designated yrav^  and ymv2. 
Leaf crinkle of Mung and Urd 
A new disease of urd bean. Phaseplus mungo probably of 
virus origin was reported from India in 1968 (Williams et al.. 
1968). The disease was named leaf crinkle of urd bean. 
Gupta (1977) reported leaf crinkle, a virus disease of 
urd bean (P. mungo L,) from Himachal Pradesh, The leaf crinkle 
and phyllody disease of P. mungo was transmitted by grafting, 
through seed and by sap. The virus also infected bean (Phaseolus 
vulgaris), P. aureus and tobacco. The thermal inactivation point 
O -.3 mmA 
was between 70-75 C, dilution end point between 10 and 10 and 
infectivity was retained at room temperature for upto 96 h. 
Kolte and Nene (1972, 1975) investigated the urd bean 
leaf crinkle disease first reported by Williams ^1 S^» (1968) 
from India. The disease was characterized by stunting, leaf 
crinkling and rugosity. The affected plants were severely 
stunted and produced few pods, but they never died. Disease 
spread from infected to adjoining healthy plants was very alow. 
The virus causing disease (urd bean leaf crinkle virus) was shown 
to be sap as well as seed transmissible. Out of the 52 plant 
species belonging to different families tested for reaction to 
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the virus, only 3 plant species viz. Phaseolus aureus L,, 
£• acontifolius Jacq, and Vigna sinensis Savi were found to b© 
susceptible. The virus in sap was inactivated when heated to a 
temperature ranging from 60-70*^ C for ten min. Dilution end point 
was 10 . The virus in sap remained infective for 3 days when 
stored at room temperature (26-30°C), and for 8 days when stored 
under refrigerator (5°C), 
Dhingra (1975) found that urid bean leaf crinkle virus 
was transmitted by two aphid species Aphis craccivora Koch and 
h* gossypii Glov, A very short acquisition feeding period of a 
30 seconds to two minutes preceded by a pre-acquisition fasting 
was found necessary for successful transmission of virus. 
Narayansamy and Jaganathan (1979) found that black gram 
urid leaf crinkle virus was infective on JP. mungo at 1:5,000 
dilution, 60°C and after 48 h at room temperature. The optimum 
pH for virus infectivity was 7,2, The virus reacted specially/ 
specifically with its antiserum. Of the 24 spp, of plants tested 
Cyamopsis tetragonoloba, cowpea, £. aureus, ground nut and pigeon 
pea were infected. Using serological test, Singh (1982) confirmed 
the natural occurrence of urd bean leaf crinkle virus on common 
bean P. vulgaris at Pantnagar, 
Narayansamy and Jaganathan (1975) studied the seed 
transmission of black gram leaf crinkle virus and effect of age 
of plants at infection. Inoculation of P, mungo plants with leaf 
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crinkle virus showed that higher rates of infection in young 
plants induced higher rates of seed transmission. The inocula-
tion period was positively correlated with plant age at the time 
of inoculation but showed that a negative linear relationship 
with percentage of seed transmission. 
Singh (1980) observed that leaf crinkle virus occasion-
ally increased growth of urd which was accompanied by drastic 
decrease in the yield, 
Beniwal si jJL* (l980) reported urd bean leaf crinkle 
as a serious disease in Delhi and U. P. The disease was charac-
terized by the expansion of leaf lamina accompanied by a lighter 
green colour appearance and typical crinkling. The virus (urid 
bean leaf crinkle virus) was sap and seed transmitted in urd bean 
and it was also found to infect mung bean Vigna radiata L, 
Kadian (1982) found that losses in grain yield due to 
leaf crinkle disease at Hissar ranged from 2.12 to 93.98 per cent 
in mung bean cultivar Varsha and 2,82 to 95,17 per cent in urd 
bean plant. He concluded that earlier the infection, greater was 
the loss which was mainly attributed to reduction in number of 
pods, 
Sharraa and Dubey (1984) worked on control of urid bean 
leaf crinkle virus, a seed borne virus. They succeeded in comp-
letely eliminating it by treating urid bean seeds in a water bath 
for 30 min at 55°C with out affecting seed germination, Pre-inocu-
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lation drenching of urid plants with 1,0 per cent suspension of 
Benlate or, Bavistin fully checked disease development. 
Pigeon pea (Cajanus cajan L.) 
Capoor (1950) investigated the pigeon pea sterility 
disease and found that the disease present in about 7 per cent 
of the crop in Bombay Province in 1949, spread by January 1947 for 
to over 20% of the plants grown/varietal selection at the Tobacco 
Breeding Station, Nadiad, North Gujarat. Affected plants were 
characterized by general lighter profuse upright vegetative 
growth, and an absence of flowering branches. The leaves were 
usually small and pale often with a well marked mosaic pattern. 
The disease was transmitted to 34 and 45 plants grafted with 
affected scions, symptom appearing in 35 to 40 days. One of 22 
plants inoculated by leaf rubbing, in the glasshouse developed 
symptoms after 81 days. The pigeon pea sterility disease was 
attributed to a virus for which Capoor (1952) proposed the name 
pigeon pea sterility mosaic virus. 
Seth (1965) could not find anyother host of plgeion pea 
sterility virus and its vector Aceria cajani. He suggested that 
the disease could probably be controlled by the removal of old 
and volunteer plants well in advance of the next sowing season. 
Transmission of the pigeon pea sterility mosaic disease 
was investigated by Narayanaswamy and Ramakrishnan (1965a). They 
found that this disease was not transmitted by sap, insect or, 
dodder. It was, however, suspected to be soil borne, A consistent 
reduction in nematode population by the application of nematicides. 
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D.D. (dlchloropropenf-dichloropropane) and neraagon (dibromochlo-
ropropane) was observed. The reduction in disease incidence was 
greater in D.D. treated plots than in nemagon treated plots, A 
statistically significant positive. Correlation was established 
between the number of Rotylenchuls remiformis & Tylenchorhynchus 
sp. and the percentage of disease incidence. It was suggested 
that the disease was probably transmitted by R, remiformis and/ 
or Tylenchorhynchus sp. 
Infection of pigeon pea with pigeon pea sterility 
mosaic virus was found to give some protection against Fusarium 
udum (Anonymous, 1964), Chadha ^ sl.» (1966) also studied inter-
action between sterility virus and Fusarium udum Butl, in pigeon 
pea. They suggested that protection of pigeon pea by the virus 
against jF, udum was due to reduction in spore germination and 
germ tube development. Chromatographic determination revealed 
that glutamic acid and alanine were absent from plants infected 
by the virus, 
Reddv et ^ . (1984) established a synergistic inter-
action between the agent of sterility mosaic and powdery mildew 
and found that the plants with severe sterility mosaic virus 
symptoms were more susceptible to Qidiopsis /"Leveillula /^^"J^ica 
than those with mild (ring spots or mild mosaic) or, no symptoms. 
Narayanaswamy and Ramakrishnan (1965b, 1966a,b,c), 
Nambiar and Ramakrishnan (1968, 1969a,b,c) studied physiological 
1? 
changes in pigeon pea plants infected with pigeon pea sterility 
mosaic disease. Narayanaswamy and Ramakrishnan (1965b) found 
that the pigeon pea leaves infected with sterility mosaic virus 
showed a chlorophyll reduction of upto 60.9^, a decrease in 
carotene, xanthophyll and total carbohydrate content and an 
increase in chlorophyllase activity. Sucrose synthesis was lower 
in infected than healthy leaves, indicating a derangement of 
photosynthesis. The translocation of sugar was reduced and the 
nature of the sugars translocated also appeared altered. 
A decrease in the chloroplast protein and a slight 
increase in the cytoplasmic protein were observed in the leaves 
of pigeon pea infected with pigeon pea sterility mosaic virus. 
Alanine, asparagine, arginine and aspartic acid occurred in 
higher concentration, the amount increased with severity of the 
symptoms, and 2 unidentified amino acids were found in diseased 
leaves only. The C/N ratio was reduced by the virus (Narayana-
swamy and Ramakrishnan, 1966a). 
Increased catalase, diastase, proteolytic and nitrate 
reductase activities were observed in diseased leaves, but 
peroxidase activity was greatly reduced (Narayanaswamy and Rama-
krishnan, 1966), 
Sterility mosaic disease increased respiration of 
infected plants which was accompanied by a general reduction in 
organic acid content, but, however, there was noted accumulation 
of citric acid and succinic acid in the stem and roots, resF>ect-> 
ively (Narayanaswamy and Ramakrishnan, 1966c). 
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Nambiar and Ramakrishnan (1966) found a significant 
reduction in total carbohydrates.in sterility mosaic virus 
infected pigeon pea plant leaves. The diseased leaves had a 
higher content of reducing sugar than healthy leaves of corres-
ponding age, but less starch and resin. Calcium, potassium, 
sodium and manganese content were lower in diseased than in 
healthy plants ('Nambidr d.n<^ RavnakrisKnAn , IH'^dj, 
A rduction in photosynthesis and rate of hill reaction 
was recorded in diseased leaves, photosynthesis being least in 
the yellow patches, RNA and DNA levels were higher in diseased 
leaves of all ages, RNA fractions were supposed to contain viral 
as well as plant RNA (Nambiar and Ramakrishnan, 1969b). 
Nitrogen metabolism of sterility mosaic virus infected 
pigeon pea plant was investigated by Nambiar and Ramakrishnan 
(1969c). Total nitrogen was higher in diseased than in healthy 
leaves at all ages. All forms of nitrogen except ammonical and 
non-proteinaceous, were increased. Free amino acids, viz, valine, 
leucine and arginine were at higher concentration in younger than 
in old diseased leaves. The presence of high concentration of the 
amino acids in the bound form in diseased leaves was probably due 
to their incorporation into the virus protein, 
ftao Si Si' (1985) studied the effect of sterility 
mosaic infection in four pigeon pea cultivars: Bl»4-.l (highly 
susceptible, with mosaic symptoms), ICP-2376 (tolerant or ring 
spot genotype, chlorotic ring spots), ICP-7035 and ICP-7119 
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(resistant). An increase in free amino acids^ and a gradual 
decrease in bound amino acids and total nitrogen were noticed in 
infected BDN-1 and lCP-2376, The resistant cultivars showed no 
definite trend for accumulation of histidine and arginine in the 
free amino acid pool. The sterility mosaic infection caused a 
slow increase in HNA asa activity and the rapid accumulation of 
BHA in BDN-I and high synthesis of RNA are together with a 
marginal increase in RNA in ICP-2376, RNA ase activity in ICP-
2376 was largely restricted to the ringspot areas. 
Subramanian et j^* (1973) screened 549 varieties of 
pigeon pea for resistance to pigeonpea sterility mosaic and 
found that all were susceptible. Based on symptoms varieties 
were grouped in 3 groups with mild, medium and severe symptoms. 
Singh e^ ^ . (1975) screened 234 germplasm lines of 
pigeon pea against pigeon pea sterility mosaic virus under field 
conditions and found that only two of them (L-3 and P-4785) were 
resistant and 16 others tolerant and rest susceptible during 
1973-74. 
Munlyappa and Nangia (1982) observed that fewer mites 
(Aceria cajanl), the vector of pigeon pea sterility mosaic virus 
were present on resistant and slightly susceptible plants than 
on those which were moderately or, highly susceptible. 
In tests under field conditions, Samiyappan and Slva-
prakasam (1985) found that none of the 19 pigeon pea lines was 
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free from sterility mosaic virus infection but three (lCP-10976, 
ICP-10984 and ICP-7353) resistant. 
Nene and Reddy (1977) developed a new technique to 
screen pigeon pea for resistance to sterility mosaic. The tech-
nique in which leaflets from diseased plant infected with mites 
(Aceria cajani) were stapled to the primary leaves of test seed-
lings was named leaf stapling technique. 
Rathi (1979) used Temik treatment of pigeon pea seeds 
for prevention of sterility mosaic. He found that plants from 
seed treatment with Temik 10 G (10% aldicarb), a granular 
systemic pesticide , and inoculated at weekly intervals for 8 
weeks did not exhibit symptoms of pigeon pea sterility mosaic 
virus until maturity, 
Padule jgl AL» (1982) in a survey in December 1978, 
found that the incidence of pigeon pea sterility mosaic was upto 
95?6 wherever the crop was Irrigated or, grown near other irriga-
ted crops, possible due to increased vector populations, 
Bhatnagar et ^ , (1984) observed higher incidence of 
pigeon pea sterility mosaic virus in inter-cropped than in sole 
pigeon pea crops. Annual crop losses due to the combined effect 
of wilt and sterility mosaic in India were established at U.S. 
$ 113 million (Kannaiyen ei ii.f 1984). 
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Singh e^ aJL* (1983) crossed 3 susceptible and 5 resis-
tant lines of Cajanus cajan in all possible combinations, to show 
the inheritance of resistance to sterility mosaic virus in pigeon 
pea. F^ , F2, BC- and BC^ segregation ratios indicated that resis-
tance was governed by 4 independent non-allelic genes. They found 
that at least one dominant and one recessive gene were necessary 
for resistance to be expressed. The symbols Sv^, SV2, Sv^ and Sv^ 
were assigned to the four genes governing the resistance. The 
first two Sv. and SVQ showed duplicate dominant epistasis and last 
two (Sv^ and Sv.) duplicate recessive epistasis for resistance. 
The resistant lines ICP-3783, ICP-7035 and ICP-7119 carried Sv^, 
SVg and Sv^, ICP-6997 carried Sv^ and SV3 and Pant A3 carried SV2 
and SVg, 
Sharma Si, Ml,* (1984) also studied inheritance of resis-
tance to sterility mosaic disease in pigeon pea. Twenty two 
resistant, 6 tolerant and 2 susceptible Cajanus cajan parents 
were involved in crosses. Test plants were inoculated in pots. 
Observation of F, and F2 indicated dominance of susceptibility 
over resistance and tolerance. However, differential behaviour 
of resistant lines for disease reaction in F^  combination with 
tolerant parents indicated that tolerance was dominant to resis-
tance in certain lines. They suggested that the reaction observed 
were determined by 2 genes with 4 multiple alleles. Two of the 
alleles control resistance, 1 being dominant and other recessive 
to the allele for tolerance. The allele for susceptibility was 
dominant over all three other alleles. 
ll 
Newton and Peiris (1954) observed that the pigeon pea 
was affected by two virus diseases in Ceylon. Yellow mosaic 
characterized by a bright yellow, blotchy foliage mottle, did not 
seriously reduce yields, was confined to north central dry belt 
regions. Pale mosaic characterized by vein banding followed by a 
pale green mottle was found only in wet zone, near Peradeniya, 
Misra and Gurha (1980) found that the incidence of 
pigeon pea yellow mosaic virus was higher in the September sown 
than in the June-July sown crops. Yield losses varied from 22% 
to 64.3%. 
In India surveys in 11 states in 19875-80 revealed that 
the pigeon pea sterility mosaic virus and pigeon pea yellow 
mosaic virus were economically important causing heavy losses to 
pigeon pea crops (Kannaiyan jej^  j^,, 1984). 
Singh and Mall (1974) found that infection by severe 
(ASM) and mild (AMM) strains of pigeon pea mosaic virus reduced 
the number, size and weight of fruits and seeds of lentil, 
Trifolium carniculata and Trigonella foenum-qraecum. Reproductive 
capacity was lowered and seed germination was poor. Nitrogenous 
and phosphorus fractions and carbohydrates were lower in diseased 
plants than in healthy ones but nitrite nitrogen and urease 
activity were increased. However, they later found that the 
urease activity was lowered in the pigeon pea seeds, strain ASM 
having a greater effect than strain AMM. The enzyme activity of 
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seed of early inoculated plants was influenced more than that of 
late inoculated plants (Singh and AAall, 1977). 
Singh and Mall (1975) found that nodule number, size 
and fresh & dry weight increased with age in pigeon pea cv, Sarda, 
but at a higher rate in healthy plants in comparison with plants 
infected by pigeon pea (arhar) mosaic virus. The reduction was 
more severe in early infected plants than in late infected plants. 
The severe strain (ASM) induced more reduction than did the mild 
one (A.MM). 
AMM and ASM strains (of arhar mosaic virus) infection 
lowered primary productivity and Hill reaction and increased the 
respiratory loss in pigeon pea cv, Sarda which thereby reduced 
the capacity of gross production per unit area (Singh and Mall, 
1976), 
Singh and Mall (1978a) studied the changes in chemical 
composition of pigeon fruits infected with both the strains/arhar 
mosaic virus (severe strain, ASV and mild strain, AMM) and found 
that total nitrogen and protein were higher in the fruit coat but 
lower in other fruit parts of diseased pigeon pea plants than in 
healthy ones. The percentage of nitrite, nitrate and total free 
amino acids were higher in all parts of infected fruits than in 
healthy ones. Total nitrogen phosphorus fractions were lower in 
plants infected with mild than in those with severe strain of the 
virus but the reverse was the case for inorganic phosphate. The 
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various carbohydrate fractions were higher in healthy pigeon pea 
fruits than in infected plants. 
Singh and Wall (1978b) also studied the effect of both 
strains (ASM and MM) of arhar mosaic virus on the yield and 
reproduction capacity of pigeon pea cultivars. In field tests, 
both the mild and severe strain reduced the number, weight and 
size of the fruits, seed and plant reproduction capacity, but the 
effect was more severe with the latter strain. Maximum yield 
loss occurred in cuitivar Sarda followed by Prabhat and T-17, 
A reduction in contents of chlorophyll and carbohydrate 
(water soluble total reducing and non-reducing sugars and starch) 
in pigeon pea leaves infected with pigeon pea mosaic virus (Singh 
and Mall, 1979a). 
Singh and Mall (1979b) screened some chemicals, copper 
sulphate, mercuric chloride and nicotine sulphate for their anti-
viral properties against arhar (pigeon pea) mosaic virus (AMV), 
Copper sulphate {2%) mercuric chloride (l%) and nicotine sulphate 
(5056) mixed with virus inoculum completely inhibited infectivity 
of mild and severe strains of AMV, Some chemicals producing 
severe toxic effects on inoculated leaves were more potent 
inhibitors than those that were mildy toxic, 
Singh, Mall and Singh (1983) evaluated leaf extracts 
from 50 plant species (27 families) for their antiviral activity 
against AMV. Of the 50 plants tested, extracts from 42 showed 
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inhibitory activity against both mild and severe strains of AMV, 
Extracts from Capsicum annuum and Datuia stramonium prevented 
infection of the cultivar Sharda when applied before inoculation. 
Hiruml et al. (1973) reported a proliferation disease 
of pigeon pea from Dominian Republic. Infected plants often had 
portions that were pale green and showed symptoms of witches 
broom. Ultra-thin section of leaves and petioles with symptoms 
of proliferation when observed under electron microscope revealed 
the presence of Mycoplasma like organism (MLO) as well as bullet 
shaped (Rhabdo) virus particles in the phloem. The rhabdovirus 
particles were 45-55 nm in diam and 240-260 nm in lenght. This 
was claimed to be the first report of a natural dual infection of 
a plant by a rhabdovirus and MLO. 
Maramorosch eji ai., (1974) investigating pigeon pea 
witches broom disease occurring in Puerto Rico found that the 
infected plants were heavily infested by leaf hoppers (Empoascd 
sp,). They also observed Mycoplasma like Organisms (MLO) and 
rhabdovirus particles in the sieve tube elements of the diseased 
plants. They concluded that the MLO and rhabdovirus involved in 
pigeon pea witches broom of Puerto Rico were similar to those 
described earlier from Dominican Republic (Hirumi ej^  ^ , , 1973),-
CHAPTER - 3 
MATERIALS AND METHODS 
3.1 Raising of plants 
For ail purposes plants will be grown in clay pots of 
4" and 6" diameter, filled with a mixture of soil and compost in 
a ratio of 2:1, The soil mixture will be steam sterilized by 
autoclaving for one hour at a pressure of 20 lb per square inch. 
Pots will be sterilized by rinsing with 4 per cent formalin solu-
tion and prepared by filling with sterilized soil mixture auto-
daved 24 hours earlier and sieved before use. 
Seedlings will be raised in formalin sterilized wooden 
trays (I8"x18''x5") containing sterilized soil mixture. Young 
seedling of uniform size will be transplanted singly to clay 
pots. However, plants belonging to Cucurbitaceae and Leguminosae 
will be raised singly by direct sowing in clay pots. For inocu-
lations the plants will be used two weeks after transplantation. 
All the plants will be raised and kept in an insect proof glass-
house (20-30°C, normal day length) and given an uniform care with 
respect to fertilizer, water and other requirements, 
3,2, Virus culture 
Virus culture will be obtained from naturally infected 
plants showing symptoms of virus infection and maintained on 
suitable propagation host by manual sap inoculations. Single 
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lesion inoculations will be attempted to assure a pure virus 
culture. Virus/es not transmitted mechanically will be knowingly 
ondtted and only mechanically transmitted virus/es will be taken 
for investigations. Once the culture of the virus/es has been 
maintained on a suitable propagation host, it will be kept in 
active state by fresh inoculations at regular intervals on young 
propagation host, 
3.3 Source of inoculum 
Young leaves from infected propagation host plants will 
be used as source of inoculum. Inoculum will be prepared by 
macerating them in a mortar w/ith pestle in 0,1M phosphate buffer 
pH 7,0. For each gram of leaf material 1 ml of buffer will be 
used. The macerate will be filtered through two layer of cheese 
cloth. The sap thus obtained will be used as standard inoculum, 
3.4 Method of inoculation 
The fully expanded leaves of a plant, to be tested for 
susceptibility to the virus will be inoculated by gently but 
firmly applying the standard inoculum with the help of forefinger 
on the upper surface of the leaves predusted uniformly with 
carborundum 500 mesh. The inoculated leaves will be rinsed by a 
gentle stream of water before the inoculum on the surface of the 
leaves dries up. This method will be used as an usual method of 
inoculation throughout the course of investigation. 
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3.5 Host-range studies 
Several species of plants, belonging to different 
families will be screened for the susceptibility to the virus 
under investigation. Standard inoculum will be used for inocula-
tion of all plants. At a time at least three plants of a species 
or, cultivar will be inoculated and the same number will be kept 
as a control. Plants at 5-6 leaf stage will be used and all the 
fully expanded leaves will be inoculated. The inoculated plants 
will be observed daily for the development of symptoms. Time, 
sequence and the severity of the symptoms will be noted. Inocu-
lated plants will be kept under observation for at least six 
weeks. Those inoculated plants not exhibiting any symptoms will 
be observed for 8 weeks. Back inoculations to a test plant will 
be made from all the inoculated plants, 
3.6 Transmission studies 
Attempts will be made to find out the vector/s of the 
virus in the field. Experimental transmission using aphids, 
nematode and dodder (Cuscuta spp,) will be studied. Seed trans-
mission and graft transmission will also be studied. 
3.6,1 Transmission by aphids 
Adult aphids found transmitting the disease during pre-
liminary investigations will be used to study aphid-virus relatiorv-
ship (non-persistant, persistant or seml-perslstant). 
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Raising of virus free aphlds 
Viviparous adults will be starved for about 8 hours at 
room temperature in a petridlsh and then placed upon a detached 
leaf of an appropriate healthy host plant in a petridish. The 
atmosphere inside the petridish will be made humid by covering 
the inner surface of the petridish with wet filter paper. Newly 
born nymphs will be transferred to a fresh and healthy plant 
immune to the virus under investigation. The aphid colonies, 
thus developed will be used as healthy colonies of virus free 
aphids. The aphlds from one plant to other will be transferred 
a. 
With the help of m<^tened tip of camel's hair brush type A, No. 1, 
Mode of transmission 
To establish the mode of transmission following proce-
dure will be adopted. 
Non-pers i s tent 
1, Pre-acquisitlon starvation period 4-8 hours 
2. Acquisition access period .,.,, 1-2 minutes 
3. Inoculation access period 24 hours 
4, Number of aphids per plant 10 
Virus free aphids will be first starved for 4-8 hours 
in a glass vial before an acquisition access feeding of 1-2 min 
on the detached leaf of the diseased plant placed on moist filter 
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paper in a petrldish. After acquisition feeding, 10 aphids will 
be transferred to each healthy seedling of test plants for an 
inoculation feeding period of 24 h. The plants will be covered 
with lantern chimney having its top covered with muslin cloth to 
avoid aphis from escaping. The aphids, after the end of the 
inoculation feeding will be killed by spraying an insecticide. 
The test plants will be kept in insect proof glasshouse to observe 
the development of symptoms. 
Persistent 
1, Acquisition access period ,,,,,.. 24 h 
2, Inoculation access period 48 h 
3, Number of aphids per plant 10 
The virus-free aphids, without subjecting them to 
starvation will be allowed 24 h acquisition feeding time on 
diseased leaves placed on a moist filter paper in a petrldish. 
After the completion of acquisition feeding, 10 aphids will be 
transferred to each test plant where they will be given an 
inoculation feeding period, aphids will be killed by spraying 
an insecticide. The test plants will be kept in an insect proof 
glasshouse to observe the development of symptoms. Back inocula-
tions from the plants on which aphids were given inoculation 
feedings will be made on an appropriate diagnostic host. 
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3,6.2 Transmission by whiteflles 
Whiteflies (Aleyrodidae) are the vectors of several 
inportant virus like agents prevalent In hot countries. They 
mainly feed on phloem tissue, and because their larval stages are 
sedentary and there is no evidence of transovarian transmission, 
only adults spread these virus like agents in the field. The 
diseases produced are of two main kind, mosaic and distortion. 
Most of these pathogens are not sap transmissible and little is 
known about the properties of their particle. Some of the better 
studied ones are acquired by whiteflles in access period of 30 
minutes to 4 hours, have a latent period of few hours, are inocu-
lated in 15 minutes to 2 hours, are retained through the moult 
and continue to be transmitted for 5 to 25 days (Costa, 1969), 
Different procedures of caging and transferring single 
whitefly adult have been used in Investigation of plant virus-
vector relationships. However, a simple, rapid and safe technique, 
developed by Rathl and Nene (1974) for handling and transferring 
single whitefly adult is most suitable. The technique to be used 
for handling the whiteflles is detailed below. 
Aspirator 
An aspirator will be designed for safe handling and 
transferring the whitefly adults. It will be constructed by 
using a plastic bottle (4,06x7,94 cm) fitted with a rubber cork 
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(3.62x2,27 cm) through which tubes will pass. The tube 'A' will 
be of glass and will have a size of 0,59x9.66 cm. Its end 
towards the rubber tube will be fitted with a small piece of 80 
mesh brass wire netting. The tube »A' will be then inserted in 
rubber tube 'B' to provide necessary flexibility in manipulation. 
The other end of the tube 'B' will attach to the bent glass tube 
•C (0.59x23.17 cm), which will be inserted through the cork. The 
plastic tube »D' (0,58x28.32 cm) will be used for the suction of 
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Cages 
Transmission cages designed by Naresh and Nene 
will be used with slight modifications. A small hole (0.66 cm) 
will be made in the cages (6x6 cm) for inserting the glass 
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tube »A' of aspirator to release the whitefly adult in the cage 
fixed on test plant. 
Brush 
A brush will be prepared by attaching hairy appendages 
of the seed of Cirsium arvense Scop, to one and of a fine bamboo 
stick with the help of modelling clay. This brush will be used 
for disturbing the insect without causing any physical injury 
during feeding state. 
Transmission 
Since the whitefly adults are positively phototrophic, 
their handling during serial transmission will be done near a 
window. Young leaves of source plant will be introduced in the 
transmission cage by pushing the stem through the rectangular 
slit at the mouth of the cage. With the help of modelling clay 
the rectangular portion will be sealed later. Two iron pegs and 
a rubber band will be used for holding the cage in a position. 
When the plant will secure this position, the starved whitefly 
adults, collected in a cage of same size (13x11 cm) will be 
released into it and cap will be screwed on. A dark coloured 
cloth will be wrapped round the cage containing the whitefly 
adults to force them to more towards the desired portion of the 
plant which will be kept under light. After a desired acquisition 
feeding period, the adults will be recollected in the original 
34 
cage. From this cage single adult will be collected in tube 'A' 
of aspirator by gently removing the lid and will be relased to 
the smaller cage (6x6 cm) through the whole which will be sealed 
with modelling clay. Similarly the other viruliferous adults 
will be released individually on the test plants. 
3.6.3 Transmission by dodder 
Seeds of dodder (Cuscuta spp,) will be germinated on 
moist filter paper placed in petriplates and then transferred in 
12" clay pots, sterilized with formalin {4%) and containing 
sterilized soil mixture. When the plants are about 6" long, they 
will be trained on a suitable host plant susceptible to the virus 
being studied, and the host plant (on which the dodder is being 
trained) will be inoculated after one week. vVhen the dodder has 
been established on inoculated plant, a healthy test plant in 
another pot will be placed neas the pot (having inoculated plant 
with dodder established on it) and the tips of the branches of 
dodder will be placed on the healthy test plant or, the branches 
of the dodder will be detached, placed in the axil of the healthy 
test plant and allowed to establish there. The plants thus 
inoculated will be observed for the development of symptoms, if 
any, for about 6 weeks. Back inoculation will be made on local 
lesion host to confirm the presence of virus (transmitted by 
dodder), 
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3.6,4 Transmission by nematodes 
Nematodes from the soil samples collected from the 
field of naturally infected crop will be isolated following the 
conventional decanting and sieving procedure (Cobb, 1918) or, by 
using the apparatus developed by Oostenbrink (i960). 
To ascertain whether the nematodes isolated from soil 
samples carry virus or not, the following two tests will be done, 
(a) A drop of concentrated nematodes suspension on a glass slide 
will be macerated with a glass spatula and inoculated on the 
leaves of local lesion host, 
(b) Nematode suspension will be poured around the roots of the 
test plants. Nematode inoculated test plants will be 
observed for the development of symptoms for about 8 weeks. 
Back inoculations from shoot and root of nematode inoculated 
plants will be made on the leaves of local lesion host. 
Search for nematode vector 
Species of Lonqidorus. Trichodorus and Xiphinema. known 
as the vectors of some of the plant viruses will be isolated from 
the soil samples using Cobb's method (Cobb, 1918), Varying 
numbers of such nematodes will be poured around the roots of 
healthy test plants. Nematode inoculated plants will be observed 
for the development of symptoms. 
36 
Similarly varying number of these nematodes will be 
poured around the roots of infected plants (mechanically inocu-
lated in glasshouse). After about 15 days of acquisition feed-
ing, plants (infected) will be uprooted and healthy plants will 
be planted in the same pots. Such plants will be observed for 
the development of symptoms. Back inoculations from all nematode 
inoculated plants (using shoot and root separately) will be made 
on a local lesion host. 
However, if the observations on the above studies are 
found to be positive, studies will be extended to identify the 
specific nematode species acting as vector and its relationship 
with virus being investigated. 
3«6.5 Transmission through seeds 
A few inoculated plants will be kept till flowering 
and fruiting. After the seed maturation, they will be collected 
and dried. Hundred seeds will be sown in a wooden tray contain-
ing sterilized soil mixture. The seeds germinating will be 
counted. The number of healthy and diseased plant, if any, in a 
tray will be counted. To compare their percentage germination, 
100 seeds from the healthy plants will also be treated in the 
same way. 
Seed transmissible nature of the virus under study 
will be tested by the following methods: 
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(a) By macerating the seeds from diseased plants in 0.1M phos-
phate buffer pH 7.0, giving macerate a low speed centrifu-
gation and inoculating the sap thus obtained on the local 
lesion host, 
(b) By keeping the plants, developed from the seeds collected 
from diseased plants under insect proof glasshouse for about 
one month to observe the development of symptoms, 
(c) By inoculating sap obtained from the young seedlings deve-
loped from seeds collected from diseased plants on local 
lesion host, 
3.7 Effect of various buffers on the infectivity 
Various buffers at different pH and molarities will be 
tested to work out the most suitable one in which virus infecti-
vity is retained nwst. Phosphate, borate, citrate, acetate, 
glycine-NaOH and Tris-HCl buffer will be used. 
Young infected leaves will be macerated in a mortar 
with pestle using a buffer (any of the above mentioned) as 
extraction medium. The sap obtained after passing the homogenate 
through two layers of cheese cloth will be inoculated on to the 
leaves of local lesion host following the usual method of inocu-
v 
lation. All the buffers will be tested in the same way, and a 
buffer at a pH and molarity in which virus infectivity is compa-
ratively higher will be selected and used r®gy^d3dt]^j3^|ai^extrac-
tion medium for the virus being studied, J^^^'^^ *"" 
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3,8 Virus concentration in different parts of the plant 
To determine the virus concentration in different parts 
of the plants, 10-15 days earlier inoculated plants will be up-
rooted carefully and washed. The plants will be blotter dried. 
Root, stem and leaf tissue will be cut separately into pieces. 
Equal amount of root, stem, leaf tissue will be macerated separa-
tely in mortar and pestle using a suitable buffer and each 
macerate will be filtered through 2 layers of cheese cloth. Sap 
obtained from each sample will be inoculated separately on a 
local lesion host using usual method of inoculation. 
3«9 Selection of suitable propagation host and an assay host 
To search out a suitable propagation host several 
plants susceptible to the virus being studied and showing promi-
nent symptoms will be considered. Amongst them a plant showing 
the following characters will be selected. 
(a) Rapid seed germination and f^st growth, 
(b) Short incubation period of the virus, 
(c) Peak concentration of the virus within a short period after 
inoculation, 
(d) Absence of virus inhibitors, and 
(e) More yield of infected tissue with good virus concentration. 
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Assay of virus will be carried on a local lesion host. 
To search out a local lesion host, several plants commonly used 
as a assay host of different viruses, together with other avail-
able plants will be tested. Amongst them a plant which reacts 
with discrete local lesions to the virus being studied will be 
selected and used as assay host. In case of availability of more 
than one local lesion host a plant which shows the following 
characters will be selected. 
(a) Rapid seed germination and fast growth, 
(b) Large leaves, 
(c) Good number of inoculable leaves, 
(d) Short incubation period of the virus, and 
(e) Production of easy countable local lesions. 
However, in case of non-availability of a local lesion 
host, assay tests of the virus will be carried out on a systemic 
host. 
3,10 Maximum concentration of the virus in host 
Sixty plants of propagation host of the same age and 
size will be selected and their two layer lower most leaves will 
be inoculated with the virus following the usual method of sap 
inoculation. After every two days, two plants will be selected 
randomly and their young uninoculated leaves will be harvested. 
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These leaves will be homogenized in a mortar with pestle in a 
suitable buffer and the sap thus obtained will be inoculated onto 
the leaves of local lesion host. In this way concentration of 
the virus in the propagation host at different intervals after 
inoculation will be worked out through local lesion assay and the 
peak period of virus concentration will be recorded, 
3,11 Biophysical properties 
To workout dilution end-point, thermal inactivation 
point and longevity in vitro, methods detailed by Noordam (1973) 
will be employed, 
3,11,1 Dilution end~point 
By adding suitable buffer, ten fold dilution (lo""\ 
10"^, 10""^ , 10""^  10"®, ro""^ ) will be made of the sap 
obtained from the young infected leaves of the propagation host 
after grinding them in a mortar with pestle. Each sample will be 
inoculated onto the leaves of the local lesion host following the 
usual method of sap inoculation. In this way the dilution at 
which virus losses its infectivity will be determined. 
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3,11.2 Longevity 4a vitro 
(a) In sap 
Young infected leaves of the propagation host will be 
homogenized in a mortar with pestle and filtered through two 
layers of cheese cloth and the sap thus obtained, will be kept 
at room temperature (20-25^0). After every 6 h interval, a small 
amount of the sap will be taken and inoculated on the leaves of 
the local lesion host and this will be continued upto several 
day8« Local lesion developed on the inoculated leaves will be 
counted for each interval and the time after which the virus 
loses its infectivity will be recorded. 
(*>) In dried leaves 
Young infected leaves of the propagation host will be 
cut into small pieces and dried over anhydrous calcium chloride 
in a desiccator. After every 24 h interval, such pieces will be 
homogenized in a buffer in a mortar with pestle. The sap obtained 
after passing the homogenate through two layers of cheese cloth 
will be inoculated onto the leaves of local lesion host. This 
will be continued upto the time the virus loses its infectivity 
in the tissue dried over anhydrous calcium chloride. 
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3,11.3 Thermal Inactivatlon point 
The sap obtained by macerating the young infected 
leaves of propagation host in a suitable buffer in a mortar with 
pestle and filtering through two layers of cheese cloth will be 
divided into 12 aliquots of 5 ml each and kept in glass vials. 
The glass vials will be held in a water bath in such a way that 
the sap level in the vial is below the water level in the bath. 
The different aliquots will be heated at 40, 45, 50 ....... 85, 
90^C for ten minutes and cooled under running tap water, 
inmediately after heating. Each heated aliquot will be inocula* 
ted on the leaves of a local lesion host. One aliquot left at 
room temperature will also be inoculated. 
3.12 Effect of various additives on virus infectivity 
Various additives (sodium sulphite, DIECA, £DTA, sodium 
thioglycolate, mercaptoethanol) will be tested to find out whether 
their addition to the extraction medium results in an increase of 
virus infectivity. If so, the most suitable additive will be 
selected and routinely added to the medium for virus extraction. 
3.13 Purification 
After having worked out a suitable buffer, an assay 
host, a propagation host and biophysical properties attempts will 
be made to purify the virus under investigation. 
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3,13,1 Clarification of sap 
Young infected leaves of the propagation host will be 
macerated in a suitable extraction medium in a mortar with pestle. 
The macerate will be passed through two layers of cheese cloth and 
the sap thus obtained will be given a low speed centrifugation at 
5»000 g for 10 minutes. The supernatant will be subjected to 
various clarification procedures. 
(a) Celite and charcoal 
Celite and activated charcoal will be mixed with sap at 
the rate of 5 g per 100 ml, either separately or, in combination. 
When both are to be used, 5 g of activated charcoal will be mixed 
with 100 ml of sap and after 1/2 minute stirring 5 g of colite 
will be added. Shaking will be continued for another half minute. 
The adsorbent will be removed by the following method (Steere, 
1964). 
1. Centrifugation at 2,000 rpm for 5 minute or, 
2. Filtration through Buchner funnel supported by a 2-3 mm 
thick celite pad and Whatman filter paper No.1 or, 
3. Filtration through a filter paper (Whatman No.1) only in a 
Buchner funnel. 
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Cb) Organic solvents 
Organic solvents (such as butanol, chloroform, ethyl 
alcohol, carbon tetrachloride and diethyl ether) either separa-
tely or in combination such as (chloroform-butanol) will be used 
in two ways for the removal of the extraneous plant material from 
the infected tissue, 
1. By macerating the tissue along with a mixture of suitable 
buffer and organic solvents, or 
2. By adding requisite amount of solvent in crude sap obtained 
after macerating the infected tissue in buffer and filtering 
through two layers of cheese cloth. 
The mixture will be incubated for 30 minutes and then 
centrifuged at 5,000 g for 10 minutes. The aqueous layer on the 
virus infectivity will be tested by assaying the aqueous layer 
for active virus content on a local lesion host. 
(c) Calcium phosphate gel 
Calcium phosphate gel will be prepared by mixing 0,1M 
sodium dibasic hydrogen phosphate (Na2HP0^.2R20) and 0.1M calcium 
chloride in equal volume. The mixture after continuous stirring 
for 15 minutes will be allowed to settle. The supernatant will 
be decanted. To the remaining precipitate double distilled water 
will be added and the resuspended precipitate will again be 
allowed to settle down. In this way precipitate (gel) will be 
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washed 15»20 times to assure the removal of chloride Ions (Cl"). 
Finally it will be equilibrated with phosphate buffer (O.IM, 
pH 7,0). Such freshly prepared yel will be mixed with sap 
obtained after low speed (5,000 g for 10 minutes) centrifugation 
of the crude sap, stirred vigorously and centrifuged for 5 rain at 
5,000 g. The clear supernatant will be assayed for virus activity 
on local lesion host. 
Out of the clarification methods mentioned above, one 
will be standardized and used as clarification method in the 
purification of the virus being studied. 
3,13,2 Concentration of the virus 
Infectious sap obtained after clarification treatment 
as detailed above will be used for concentration of virus by any 
of the following methods, 
(a) Differential centrifugation 
Ultracentrifugation will be done in model L3-50 Beckman 
preparative ultracentrifuge using rotor type 50, Normally, high 
speed centrifugation will be done at 97,000 g unless otherwise 
stated. The pellet, thus obtained will be dissolved in a suitable 
buffer. Low speed centrifugation will be performed at 10,000 g in 
a Remi T-24 centrifuge. The number of cycles and the time of 
centrifugation at different rpm will be worked out keeping in view 
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the stability of the virus and its sedimentation. Activity of 
different samples in supernatant and the pellet will be assayed 
on local lesion assay host. 
(b) Precipitation 
1, Polyethylene glycol (PEG) 
Polyethylene glycol 6,000 MkV will be used for precipi-
tating the virus in clarified sap* Precipitation of the virus 
will be tried with 2, 4, 6, 8, 10 and 12 per cent PEG separately. 
In every case, the variation in salt (NaCl) concentration and its 
impact on precipitation of the virus will be standardized. After 
the addition of requisite quantity of PEG and NaCl to the clari-
fied sap, the mixture will be stirred on a magnetic stirrer till 
both (PEG and NaCl) are dissolved completely and kept in a 
refrigerator at 4® to 8°C for 6 h to allow conqslete precipitation, 
2, Ammonium sulphate 
Different quantities (lO-40?i) of ammonium sulphate 
(NH^)2S0^ (W/V) will be added to clarified sap (l/1). The mixture 
will be stirred at 8+2°C in an ice bucket till the (NH4)2S04 
crystals are dissolved completely. The mixture will then be 
incubated at 4+1°C for 2 h and centrifuged at 5,000 g for 15 min 
to collect the precipitate. 
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The pellets obtained by PEG ano (NH^)2S0^ precipitation 
will be dissolved separately in a suitable buffer and recentri-
fuged at 5,000 g for 5 minutes. Supernatant thus obtained will 
be assayed on local lesion host. 
3,13,3 Further purification by d»n8itY gradient centrifugation 
Ck>ncentrated virus samples obtained by the methods 
detailed above will be subjected to further purification using 
density gradient centrifugation (Brakke, 1951, I960), 
Linear sucrose gradient columns will be prepared by 
layering 7,7,7- and 4 ml of 0,1M phosphate buffer pH 7,0 having 
400, 300» 200 and 100 mg sucrose per ml, respectively, in a 1x3" 
tube. The sucrose solutions of different concentrations will be 
layered using a pipette with a broad orifice. 
The heaviest solution will be layered first and the 
solutions of decreasing concentration will be layered on the top 
of each other. The column will be used after standing for 24 h 
in a refrigerator. Usually 2 ml of the virus preparation will be 
floated on the top of the column and the column will be centrifu-
ged immediately after floating the virus preparation to avoid 
droplet sedimentation. The columns will be centrifuged in SW-25,1 
rotor in L3-50 preparative ultracentrifuge. The accelaration upto 
a few hundred rpm will be made gradually. The tubes will be 
centrifuged for 2i<-4 h. After centrifugation the tubes will be 
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examined in a dark room by projecting a beam of light down the 
tube from the top. The virus zone scattering the light will be 
removed from the tube by 20 guaze 10 cm long needle bent twice 
at right angles and attached to a hypodermic syringe. 
3.14 UV-epectrophotometry 
Virus preparation will be examined in a Beckroan DU--2 
model ultraviolet absorption spectrophotometer to evaluate the 
different methods of purification and to ascertain the purity of 
isolated virus. 
Ultraviolet radiations are absorbed in a characteristic 
manner by the virus (nudeoprotein) containing solutions. Absorb^ 
ance of samples will be studied in UV-range (230-320 nm) and 
graphs will be plotted. Values of A-maf/inin, A-280/260 and 
A-260/280 will be calculated to know the approximate percentage of 
nucleic acid. 
3.15 Electron microscopy 
Shape and size of virus particles will be studied in an 
electron microscope. 
3*15.1 Leaf dip method 
The method of Brandes (1964) will be followed for leaf 
dip preparations. One drop each of ^ potassium phosphotungstic 
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acid (PTA) and uranyl acetate will be placed separately on several 
forravar coated copper grids having carbon backing. The freshly 
cut ends of infected leaves will be dipped in the drop for 2-4 
seconds. Such grids will be allowed to dry for sometime and 
thereafter examined under electron microscope at various magnifi-
cations, 
3.15,2 Procsdure with purified virus preparation 
A small droplet of purified virus preparation will be 
placed on formvar coated copper grids having carbon backing, then 
a small drop of suitable stain (either PTA or, uranyl acetate) 
will be added to the virus suspension. The excess fluid will be 
absorbed with a small piece of filter paper leaving a very thin 
film of fluid on the grids, which will be dried at room tempera-
ture. Such grids will be examined under electron microscope. 
3.16 Serology 
3,16.1 Raising of antisera 
Young healthy rabbits, approximately 3 lbs in weight 
will be used for the production of antisera. The purified or 
partially purified virus preparation will be used as antigen. 
To work out the effect of route of injection on the 
formation of antibodies as well as titre of the antiserum, 
antigen (virus preparation) will be injected intravenously or, 
intramuscularly or in both ways. 
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Antigens will be administered intravenously through the 
marginal ear vein of the rabbit using a clinical syringe with a 
fine needle. Five to seven weekly injections of virus preparations 
of 2 ml each will be administered intravenously through the margi-
nal vein of the ear. For the intramuscular injections, antigen 
(virus preparation) will be emulsified with an equal volume of 
Freund's incomplete adjuvant. Two injections of the virus-adjuvant 
mixture of 3 ml each at an interval of 2 weeks will be administered 
intramuscularly in thigh of the same rabbit which has been given 
intravenous injections of antigen. Test bleeding will be made 
several times from the ear of the rabbit at different intervals 
after the administration of last intramuscular infections to check 
the antibody titre in the serum. After the titre has reached its 
raaximun, the immunised rabbit will be finally bled by giving a 
sharp incision on the marginal vein of the ear, which has not been 
used for injecting the antigen. About 10-15 ml of the blood will 
be collected and allowed to clot at room temperature (20-25°C) for 
2 h and kept overnight in a refrigerator. Serum containing anti-
bodies (antiserum) will thereafter be separated and centrifuged at 
1,000 rpra for 5 minutes to remove fibrin, blood cells etc. The 
straw, yellow coloured antiserum will be collected and stored for 
serological studies. 
To identify the virus under investigation upto group or 
strain level, the Ouchterlony*s double diffusion test (Ouchterlony, 
1962) will be performed. 
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3.16.2 Ouchterlony double diffusion test 
One per cent agar will be prepared In 0.8S% saline 
containing 0.1-0.2^ sodium azide. Suitable amount of agar will 
be poured into sterilized petridishes so as to get a 2-3 mm thick 
agar bed. Using a cork borer of 5 mm diameter, wells will be made 
into the agar and the cut portions of agar will be removed by 
aspiration. The distance between two adjacent wells will be kept 
5 mm. The central well will be filled with antiserum and the 
remaining wells will be filled with various dilutions of antigen 
made in physiological saline (0.855^  NaCl solution) and the clari-
fied sap from healthy plant. Such treated petridishes will be 
incubated at room temperature and observed for the formation of 
precipitin lines, 
3.17 Isolation of nucleic acid 
Nucleic acid of the virions will be isolated using the 
phenol detergent method. To a 2,5 ml of purified virus prepara-
tion will be added 0«05 ml of 6^ sodium dodecyl sulphate and 
2.6 ml of water saturated phenol. The phenol used will be 
redistilled and stored at 10**C after adding distilled water. The 
mixture will be stirred in a glass tube on a magnetic stirrer for 
10 minutes and then centrifuged for 5 minutes at 3,000 rpm in a 
clinical centrifuge. The mixture will separate into two layers, 
the upper aqueous layer and the lower phenol layer containing 
sodium dodecyl sulphate. The top aqueous layer will be drawn off 
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with a pipette. To the lower layer or phase 2,5 ml of 0,1M 
phosphate buffer pH 7.0 will be added and stirred for 10 minutes 
and then centrifuged for 5 minutes at 3,000 rpm. The aqueous 
phase will be drawn off and pooled together with the aqueous phase 
obtained at previous step and stirred for 10 minutes with an equal 
volume of phenol followed by centrifugation. The aqueous phase 
will be extracted once more with half the volume of phenol. Traces 
of phenol will be removed from the aqueous phase by extraction 
with ether. The nucleic acid will be precipitated by the addition 
of 2 ml of ice-cold ethanol to the solution. The precipitate will 
be pelleted out by centrifugation for 15 minutes at 7,500 rpm. The 
pellet will be suspended in 0.1M phosphate buffer pH 7.0 and 
centrifuged for 15 minutes at 10,000 rpm to remove any insoluble 
material present in the preparation and the supernatant thus 
obtained will be tested for infectivity and type (RNA or DNA) of 
the nucleic acid. 
3,17,1 Infectivity of viral nucleic acid 
Infectivity of viral nucleic acid will be assessed by 
inoculating the nucleic acid preparation on the local lesion host. 
Several dilutions of nucleic acid preparation will be made and 
inoculated on the local lesion host and the number of local lesions 
developed will be compared with the corresponding dilutions of 
virus preparation. 
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3.17.2 Type of nucleic acid 
It is well known that RNA and DNA differ in their chemi-
cal composition with respect to the base and sugar involved in 
their composition, RNAs are known to contain ribose sugar and 
uracil base (other three bases being adenine, guanine and cytosine) 
while DNAs contain thymine (other three bases being the same as in 
RNA) and deoxyribose sugar. 
Thus, test will be performed to study the type of sugar. 
Diphenylaraine test for deoxyribose or, orcinol test for ribose 
sugar will be used for ascertaining the type of nucleic acid in 
virus under investigation, 
3.17.3 Percentage of nucleic acid 
An approximate percentage of nucleic acid in virion will 
be worked out based on the UV-absorption spectrum of the purified 
preparation. The value of the ratio between A-280/260 will be 
used for making an approximation of per cent nucleic acid in the 
virus particles. 
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